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(54) Non-Iridescent glass struc- 
tures and processes for their 
production 

(67) This invention relates to trans- 
parent glass windows 20 of the 
type bearing a first coating 26 of 
infra-red reflective material, which 
is advantageously less than about 
0 86 microns in thickness wherein 
the observance of iridenscence re- 
sulting from such a first coating is 
markedly reduced by the provision 
TaTcond coating 24 arranged in 
register with said first coating, the 
second coating providing at least 
two interfaces which, with the mass 
of the second coating; fonp means 
to reflect and refract light therefrom 
to interfere with the observation of 
iridescence. The invention also re- 
lates to processes for producing 
such windows. A particular advan- 
tage of the invention is its efficacy 



with clear and lightly tinted glasses 
wherein the problem of '" des °f"\ r 
colour has had its greatest commer- 
cial impact 
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SPECIFICATION for their pmduction 

" ^iridescent glass structures and processes jc ^ (e .g. a * 

Glass and n* 6 ^?^ 8 ;^ or cadmium stannate, « n J 0 ™ e i r l ^JlV, a i u e (lower heat transport) 
10 such as tin °wde, indiumoxide^ w« enhanced ,reu ^ a teSo induct electricity. 

and are employed as res.stance interference colors 

and are employed as resisu. inte rference colors 

coatings matenals are requjed, an° m . |cron h , Sn. Also, such films 

show a greater tendency to commercial 
nroduction of such coated 9 lass "'""^ ^ri^cent colors. Almost no arcmw«»'-' 

mnsarvina 



65 cost of production signrficant over we cos* 



GB2031 756A 



6 Another object * .to adjeve ^ widespread use . ^y^^ structure bearing an 



tnese rap* 
sf two glass surfaces 



the assembling or two gia» »u. 
' "'M'otf.er novel method ^j^St^M^^ wavelength in*'ctoess ■£* 

or»h^^^ 

A uniting aspect of itajr vanjus ^^^Tnns means, to substernal* 
coating arranged congruerrtly wrfr a ^~ n ^^ di ^ onal interfaces forming means, 

35 d ^ d SXi^^ U9ht ,n suchaw8ythatrt ^ 

vSfthe observation of any iridescert colore perception, to provide a 

disbelieved desirable, because of ^ *f J^^^ ^ed to evaluate the inventions 

dtaltan of the '^^-JSfS't^^ much of the theory dossed 

40 disclosed herein. It should be ^SSiXS^ necessarily is being provided .n 

below is retrospective in **25ae of the invention disclosed herein. 

hindsight i.e. by one having a " ^j on of various possible constmctwrs which 

In order to make a suitable quantitatwe eva uotoh or ™ * . optical data arw* 

suJprS iridescent ^J^£S^S^S^ £££ltt be planar, with uniform 
A5 color perception data. In this discussion, wm _ refractive index changes are tak 

45 tknS uniform ^1 '"^^ refractive indices ara 

^ <-~ .i.n.nt at the Dlanar interfaces dbtwbuii . . ' . reflection coefnaen 
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negative) color hue, whUe b «wn captations »^, or saturation": 

Sr-hue SS" num ^-' '^reffitXIbUity of the eye to 

one is not able to see ar»r ~™ d on ^ particular uniform coior ^ Meastutement 

duration for obsenrabi for example J H""^^, scales). 

10 Sewing ^^"'^^'Tsow S!**. for a ^^.^f ^Tculations was 
of Appear* ^KbaKr^^ 

m order to e !» b ^ " Se semiconductor layer on glass. Thererracn v oxWe 
^IZTZT^A S 2^ which * a valu, )SSSE32S& * a va- 




25 



30 



30 than 0.85 m'f^" sh ^^ °™ 0.88 micron could not be ^ n ^^S'l 8ak of 0.03 |i could 



45 most advantageous produc^aMordrng to «- » ^ economy. refle cted 
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" To^oat fi e a coat intermediate between glass .and 

intermediate fiim thickness for an " nd «^gr! ( | 2 nanometers), which corresponds Jo 1/4 

ft, glass under the semiconduoot faro. ^"J5?S5lloo of only ebout one (1 ) unit or tossl 
= (n.l 2(l (ni'* or about 1 .63 
20 ers or about 

25 »^^"^ fl n ^ r or. Sr c^on. 

25 .p^alue* ttanis th. single "'^^^Zo^ne etembt. limit. i*b*»' 
The degree of manufacturing accuracy l ° *™V likewise, the accuracy needed for 

40 of intermediate layers. _ .. Q nfl those which can be selected to make 

A wide range of transparent : n^™"* ^°" 9 an tUridescent undercoat layer or layers, 
products meeting the aforesa d cntena ^SJ^^correct optical pro^rtiesof 
Various metal oxides and nrtndes, and the* ^ ures which have the correct refractive 
transparency and refractive index. Table A 'f*^™ ™^^ or lndium oxide film. The weight 45 

45 Sfor a single layer coating between 9^^^ imposition curves, or are 
oVrcente necessary are taken from measured ^S^JSXSJtSl- mixtures (Z. Kn'rtti, Optics 

employed. . ^sHy, and. if necessary, one can adjust the 

refractive indices. . . ^ refractive index (of about 1 .63 and 60 

60 , ttstz&s: TS^tL^ 
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^electric Rims with Reflective 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Component A 



SiO, 

AljOj-J 

Al a 0,-l 

AljOj-h 

ZnO 

MgO 

Sn0 2 

ln 2 0 3 

Ge0 2 



,„dices of A pproximately 1-62-1.65 
Component B {balance) 



Weight % 



53±4 
100 
97 ±3 
74 ±5 
59 ±4 
79 ±5 
62±3 
63±3 
100 
71 ±3 



Si,N« 
Si0 2 



SiO z 



Si0 2 
Si0 2 
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^Tn 84±3 SiO, 

1 S13N4 91 ± 2 Si0 2 

2 |"0 76 ±5 Al 2 0,-l 
10 3 *«° 59±9 AjA-h 



4 68 ±7 MgO 

5 ?n 91 ±2 Si0 2 

6 l"S 2 78 ±5 Al a 0,-l 15 



15 8 Sno; 60*- 

9 S °« 2 91 ±2 Si0 2 

10 78^5 AWH 

12 "A 5; ±6 M gO 

20 13 £0, 5 ? Ge0a 

I 4 76 ±7 6eO a 



16 M>3 ' B l ±u ZnO 25 

"« 7 5**2» 79 ±14 SnO a 



40 higher alkyl hom^ volatile at ^dS fi.^^es of 

1. indium and zinc (also called 



temperature but still below t^"M-°"- « ;,™ minum gallium, indium and zinc ^ 
Sis latter category are th«ac^la^n^ Jj^^ i80 propoxide and alummum 
2. 4 pentanedtonates). .^ m ™ "J^S urn no convenient compounds are known wt«c* are 4S> 

preparation of magnesiurn o^e fflms^ successfully formed by chemical 

Typical conditions under which ."Wj^^ffiT*. organometallic vapor is presentm 
vapo? deposition aresummanzed m Table Djrypicaiv^ adhesi to bo* *J 50 

50 about one percent (by volume) in or. ™™™ de of indium oxide Mixed o»de 
gtess substrate, and to ^sequeiitty depwr^ teyers o^ ^ techniques (except for 

layers have been formed between^! the^e pairs otmera. S y 8Vailab , e ). The refract** 
magnesium, for which a co nven,e ^ 0, ^ B ^S Cy taking the visible reflection spectraas a 
SET of the mixed films are "^^^^^^^ and minnn8 in ^ 

55 function of ^.en^^P^ deposited film. The concentrations of 

Re^isteTed Trade M^i-^g^^Sir ?0 S V«* SnO, «5*«K£Srt 

60 (Al 2 0 3 - Ga*0J, or (Al 2 0 3 - ZnO) inoced JJJ^ adjusted . the reflected daylight a ^neutral . 
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Volatilization 
Compound Temperature CQ_ 



10 



15 



1 SiH« 

2 (CH^iH, 

3 (CjHghSIHj 

4 GeH 4 

5 (CH^AI 

7 AI(OC,H 7 ) 3 

8 AKCAOj), 

9 Ga^H^J, 

10 WC^O^ 

11 W^n 
20 12 ZntCsHgOjk 

13 (CH,),Sn 

14 Ta(0C 4 H,)5 

15 Ti(0C,H 7 ) 4 

16 Zr(OC 4 H 9 ) 4 
25 17 Hf(0C 4 H 9 ) 4 



gas at 20 
gas at 20 
20 

gas at 20 
20 

200-300 
200-220 
200-220 
200-220 
200-220 
20 

200-250 
20 

150-250 
100-150 
200-250 
200-250 



Deposition 
Temperat ure ( C) 

300-500 
400-600 
400-600 
300-450 
400-650 
400-650 
400-600 

500-650 

350-650 

300-600 

100-600 

450-650 

450-650 

400-600 
. 400-600 

400-600 

400-600 



40 Th.*^™^^ 



structures with any 



5 Sources of Silicon: 
SiH, 

{CHskSiHj 

10 sia« 

SiBr« 
Sources of oxygen: 

0> 15 
H 2 0 
15 N 2 0 

Sources of nitrogen: 
N,H 4 CH 9 NHNH 2 
NH S (CHj) 2 NNH 2 
HN 

20 Sources of both oxygen and nitrogen: 
NO 

NH 2 0H 

NaH * Ha ma « hA reduced bv use of reflections from twothin 25 

25 Interference colors. «*■■ ^JJ^ S^L^ ^ g'ass surfaces When coatrng 
coatings of a functional morgan* coating onsepa ^ ^ ^ ^ fay , ,4 of a 
thicknesses, e.g. thicknesses ^^ITbO^ and n + 2.0). the interference coloration 
wavelength (about .07 micron for X» 0.50, pm ana n ' * ft t0 become an aesthetic 

Scaled sappears. Certainly it is ™ du ^ * ^SJtf lay, a red reflection in one 30 

used on the two inner surfaces ^ .f^^^f^Xrtion colors are well cancelled rf the 

55 or eliminate objectionable 'ndescence^ comprises a glass substrate 22, 

Referring to Rg. 2. ir «. seen i WJJ^S {or of any of the other 

Over «m 24 is a coafng 26 of 0.4 

microns of an infra^d reflecting r ^" d ^ r ^^t semiconductor film 26 and the same 60 
60 RQ- 3 illustrates a v*ndow3^^ 

glass 22 and two intermediate eoatmga i as MMKws. ^ ^ nj} and has a 

and has a refractive i"dex abo£^ disclosed in Table 
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. and 46 are formed of glass 4 & . ne * ick but coating 48b is about 0.27 



5 



10 



20 



40 



45 



50 



position 

ob^d forie tin oxide films 2KSb?*t relationships given above 
So^^^ 

Sickness of a film of ^S^SS «■ ca ' CU '? ted ; 1L, of 

50 S^tka. designs ^^^ooTln^wse ^ reflection spectrum of a angle such 



mes formed in the gas m«ture. &ucn 
premature hydrolysis reaction, the gas 60 

{..mas are indicative of hydrolysis, mw.u-.~r 

^TrS-*" l-W «■■" SSEJ^^X. WBM-C a film 0.3 1, thick «• 

65 ^^»K"^J»-^^" , '" el,9,1, - a " d 
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■ . _„„^hmmatir. illumination. At 550'C the aluminum oxide 
fil^g^^f^a^""^™^^^ ™*^ * hom08enMUS nUC,M,to "- a " d ' 
deposited on th* "PP«^ " were arown on top of the aluminum oxide films at 
Next fluorine-doped t.n ^^^'^^i^s in the range of 0.3 to 0.5 fi were 5 
5 temperatures ,n the rangeof W^CljMOC. Tmc*^ jnterfe Lc8 colors. The intensity of 
ESZ ZXStSS when compared to tin oxide films of the same thickness, 

without the aluminum oxide und e?°*: . , . . waveienoth thickness (500 nm wavelength. 
Fi ,ms in whidi , *. ^^^^^^ZZT^mt i..umination) exhibit the 10 
10 which is near the peak .of spectral s e "Srtiv^o T ^ ^ (approximately .072 p for 1 /4 
great e st^ppress,on of .^^^J^o^J^^WAeriaces «ncel each other 
r^'e^y 6 How7v^*ere» Auction in color intensny. even when 

15 ^ g £fuo1^&W 15 
during the coating process. 

^nifhfe alazed window is constructed of clear, soda-lime type glass. The glass is treated with 
25 sil£a^ oS» elSale haze according to the conventional procedure d,sclosed .n U.S. 25 
Pa 5S^m^re of the double glazed window is similar to that shown in Rg. 4. Interior surface 
A TZSoM TmidoS coating of tin oxide. Interior surface B carries a coating of 0 33 ± .02 
m^loaiina of Tim oxSe composition. Each of these coatings wher .viewed a'one^exh.brts a 
,n £SE 22? hiahly colored, iridescent color which was dominantly red or green to most 30 
30 readily VB,b ^ J 1 ' 9 "'4„ b , e r substantially parallel to one another, as in the structure of Rg. 4. 
°S£cT£^*W miS wheker viewed from the side of the double glazed structure 
KX^n or from the other side erf the same structure. 

35 

35 ^priments were carried out to prepare graded refractive index layers between glass (" of 
-h^i s^ndtin^xwTS of about 2 0) citings. A graded layer of Si.Sn,.^ was utilized 
2?v- £«duSv decreasina from 1 to zero as the layer was built upon the glass surface. The 

£ye?w2 ^ 40 

AO fhSk Th^iS™ i structures exhibit markedly reduced interference coloration compared to 40 
2y?rso^ SrS 2 Se^rrS thickness but without the graded intertayer region between glass and 

^r^iatile sources of silicon are, in one instance. SiH 4 (from a 1% mixture in N a carrier gas) 
«it«L«ThefhirtBd siianel 10% oxygen, balance nitrogen. Then tetramethyttin (CHs)«sn was 

"IS t^X^^^^ »*> <*« on th^c^-^a^ed-*^ 
index undercoat 55 

55 

Sm. tt. m. m****** *> <* ■>«««> • 

f itl. *r% Cvamnlfl A. 



45 



somewnat eerier wan obhw™ — «■ •■- 

similar to those noted with respect to Example «v 

65 



E lxLmple 6 1l fe repeated utilizing, as the intermediate layer between glass and tin oxide, the 
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Sgl* KS&SW? 6 1*.n ! 0,/39*A.,0,-h 
6***?? .^.feotecad on a ola«eilbat>a» at dMarant thUcnesaaa. <p» alaaasubswt. 
inhibiting surface.) 

Thickness of Tin Oxide l ^ ence Wsib,,ity 25 
25 0.3 rfmn " 
0.6 
0.9 



20 



30 



barely detectable except 
in fluorescent light 

weak, even in fluorescent 
light 



1.3 

The latter two materials are not aesthetically objectionable for architectural use. 
A Method of Confirming O***^?*^ 



A Method of Confirming CoafngQ^hy index of thin films was developed, in 35 

^thaUatonoaP^dta*^ 45 

aS» viaible undar the disp. but » weaker mi ™™w™"r rest of tha «m. than tha 
god* the drop la . dtact *! IMoUf. on tha othar tend, tha 

rrfractVaindKOfthafam la fc**^*"^ «T dSka^ fa»«ad) from what ia preaant 

. sulfur and phosphorous ^'^f^^S ££0* skilled in the art that the general 

60 index are also furnished by Cargille Laboratones^ Jersey. conservation of 

9 h is to be realized the advantepeous jp^rnm mJ *J ^"^^^ nea ting of 
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following materials * 

ess M« llEf. 
15 SSI SS« sskssmsu 

inhibiting surface.) 

Thickness of Tin Oxide 25 
25 0.3 distinct but weaker 

0.6 barely detectable except 

O- 9 in fluorescent light *n 

weak, even in fluorescent 

for example, a film ^^^J^fe example, diiodomethane. n =^' T he wated glass is n 
this refractive index is selected. «jr «^ ^eposhed on a glass ^^,1^ mercury lamp 40 

50 without the liquid drop, then tne rerreci. editions for 

u.., Artri nhosnhorous n diiodomethane, aescnuw -wiied in the art that the general 
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30 



k in a structure formed of at least one Iran ^'° , ». tyM ^ j s a transparent 
Jrga^n?of an infra^ the improvement wherein 

semiconductor and exhibrts jndescerrt ^colore in ^oayng forms means to 

nitride, or a mixture thereof, metal oxide and nitride composrtions are 

^ -H SSlSf S B^^SKS coating is principally formed of 

"TTsTct, as defined in Oaim 6 wherein said second coating is principally formed of ^ 

45 ^"^easd^ 

JUS to avoid »" Bmorphous^ 

1 1 . A structure as defined hn ^rn 2 ^ whe mnj m apfA]oel6on of sa.d first coatmg. 

and forms means to ^^^aTTwtoS said second coating is between sarij first 

^a21£5 ?d£Jta 3R 2, wherein said first coating is fluorine doped stannic 

coating increments of f^^^f^nsparent glass sheet of the type comprising** 
15. In a structure formed ot at le^one uu.^. » ^ ^ type that is a transparent 
first "organic coating of^«^ improvement wherem 

semiconductor and ^ lb *t^^"S coating which forms means to 
60 said first coating is arranged «"0™W wrth J «cono »^ di * least two interfaces 
substantially diminish W-"2^J^ 3 coating, to reflect and refract light 

which form means, together offS I iridescent colors is substarmally 
such that the observability in da »W* I J"2.Z firs t coating and said glass, said 
reduced and wherein said ^SS^fSlSTiSS^ W~ ^ ^ ^ 

65 second coating forming a gradient, wnn respect «i 



55 



50 



55 



60 
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. «H-,»nt i« continuous with a gradually changing refractive index 

* Z °W ^aTSSboundanrol f said ^^ henin ^ second coating comprises mixtures of 

si 7 - &rsKS^ 

boVdVry'of saidjirst coating. ^parent glass sheet of the type comprising a 

18. In a structure formed of at le^ one van^ w ^ js fl ^^parent 

10 firs\ inorganic coating of an J^^S^^SA ■uS-tloZth. improvement where.n 
semiconductor and ^'^*S2iSS3ft a ^second coating which forms means to 
said first coating is arranged congruentiy wrm """V. b Providing at least two interfaces 
substantially diminish iridescentj colors « of s«d first coatng jMJJjng^ ^ ^ 
which form means. ^,J,7 m £ Sirfdescfnt colors is substantially 

15 such that the obseryabilrty jndayhght 'W"™™ 1 ' 0 , la ers inc , ud ing 

1ro d netm^r;V^ 
formula 
20 n,-n, . 26rv • 74 

a t) a second film closer to said first coating and having a refractive index approximately given 
by the formula 

semiconductor and ^ ,b ^ ,n ^~^^Vsecond coating which forms means to 
said first coating is 1 S firsTcoating by providing at least two interfaces 

substantially diminish 'nascent cxdors < rfs«d first coot a »*f reflect and ^fr^t hoht 

^JKST Saldino <* about 1.6 to 1.7; 

40 wh^vafu'esareeffectiveforsaid first coating having a refractive index of ab^ut 2, and glass 40 
h ^" fl V^raS deW^claim 1 9, wherein said second coating comprises two layers 

£ A8 Sre2^ 50 
50 *STa structure as defined in Claim 12. wherein the glass comprises an amorphous film 
* ST A structure as defined in Claim 1 8 wherein the glass comprises an amorphous film 

thereover. wherein said second coating is silicon oxynitride. 55 

55 26. The structure of Cam 22 wherein sa d *™ ffl « jg sj|jcon oxynrtrid e. 

27. The structure of Ovm 23 where n sa a a * fe oxynn Tide. 

28. The structure of Oauj »*^JSu£Zic** saturation value below 13. 
• 29. A structure as defined n Cla m l exn Drang a ^ below 8. 

30. A structure as defined, m Oa m exh brtmg a erior mm^ ^ ^ 6C 

^A2ltt«£*^ < ^ — iconductor ,aver is 1688 *" 04 

65 ^AsmSlrfas defined in Cairn 2 wherein said semiconductor layer is less than 0.4 65 



35 
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6 m tT ZEST- * 30 said *- . * 

? . n ric« nnlv nlass sheets 



20 



37 A structure «*> -heats 

bronze and other dark-toned tones eapaDie www ^ure comprises only glass sheets 

40. A structure as defined in d«m 19 wherein sb free ^ metal||C gray or 15 
15 which are formed of clear gtess visibility of iridescence. 

bronze and other dark-toned tonasogabte "■"g^J, comprises only glass sheett 

41 . A structure as defmed in Claim 30 wherein ^ free from metallic, gray or 
which are formed of clear glass 0. r glass of '^'"^^visibilrty of iridescence, 
bronze and other dark-toned Itones capable 9^ comprises only glass sheets 

20 42. A structure as defined in Claim 23 J™"™"^ lass MnQ free from metallic gray or 
which are formed of ^Jf^Z£ 5 ^£S£Ef*» visibility of iridescence and 

25 spSd apart from one another « "J^^iS^i wavelength of 500 nanometer light, 
from the other of said ^"J^Swri refract light which adds 

« Jirf ^StaolemtondiKSof. tha improv«i»nt "^^^"^ glass, an «««•»»*• 
JStiamg: said IT""^ SffiS i * two inwfaeK which, twa*" ■* 

^t^da^inC^^^ 46 

50 said glass. said intermediate coating is formed as a 

^ 1 £a^.*tl«-^»'^^ fc, ^ -,i ' -,J, ' , - 7i 

eo^a^^^^pHn-^c^n,^^..^^'"'"""'- 

JLf*- m. . m» — — 18 md MM ■" ima,Y " 

Claim 46 whan*, said pnnwy a.™cond U clo, *. la *» 



40 



50 



65 0.4 
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55. A process as defined in Cairn 46 wherein semiconductor layer is less then 0.85 



■SPta a process for avoiding the loss.of heat VaS c 
areas of the building, while achieyingan ^^^^^firon a thin coating of 5 
5 comprising the step of reflecting infrared rad ^°" * a °*l?° ^ glass, the improvement 
• en inmvrea^ectfce s^^^ metal ^ or mixture 

comprising the step of utilmng an "^JJ? r £~& * feast two interfaces associated 
thereof, between sa.d glass and said ^ n Jf ^4f fi r whh *e mass of said intermediate layer 
with said intermediate layer; said interfaces, together wrm me mass » .10 

10 being utilized to achieve said 1 ? U ^S^SSS^ while achieving an iridescence-free 
57. In a proc^ for electrically heatir^wnndoware^ 

appearance for said window m»d P^J^^eS Ae^provernent comprising the 

being utilized to achieve said iridescence free ..f fte type comprising an 

58 A structure formed of at toast one SSSSZS ssXioruanic coating is 

tannic coring of ar Mnfn«d rdtocove "l^SS* appearance of said 20 

20 sst^n^o^ 

fore described with reference t o the accompanying drawings. 

Printtd tor H.r M-W^ 

PublWwd atTha Prom Office. 26 Southampton Buraings. »— " 



